Gallbladder cancer is the most common biliary tract malignancy with the worst overall prognosis. CD109 is a co-receptor of TGF-β1 and suppresses TGF-β signaling. In this study, CD109 protein expression in three subtypes of gallbladder cancer was examined by immunohistochemistry on human tissue samples and tissue microarrays. We found that CD109 is specifically expressed in malignant squamous cells in squamous cell carcinomas (86.7 %) and adenosquamous carcinomas (91.7 %), but not in adenocarcinomas or normal gallbladder tissues. Thus, CD109 may be a potential pathology marker for gallbladder squamous cell/adenosquamous carcinomas.
Gallbladder cancer (GBC), the most common malignancy of the biliary tract, is a highly lethal disease with an overall 5 year survival of less than 5 % and mean survival of 6 months [1, 2] . GBC belongs to the epithelium originated tumor of the digestive system with a highly variable presentation [2] . More than 80 % of GBCs are adenocarcinomas (AC) arising from the gallbladder mucosa. Squamous cell carcinoma (SCC), adenosquamous carcinoma (ASC), undifferentiated or anaplastic carcinoma represent less common types of GBCs [3] . Up to date, no biological markers for effectively identifying GBC subtypes have been reported. CD109, a glycosylphosphatidylinositol anchored protein, is a member of the a2-macroglobulin/complement family. CD109 binds transforming growth factor (TGF)-β1 with high affinity, and suppresses TGF-β signaling [4] . In mammals, CD109 is highly expressed in squamous cells of skin, uterus and esophagus [5] [6] [7] , but has never been examined in GBC tissues. In this study, we determined CD109 expression in 3 subtypes of GBC by immunohistochemistry.
This study was performed in accordance with the "Code for Proper Secondary Use of Human Tissue". The specimens were obtained from Pathology Center at Shandong Provincial Qianfoshan Hospital (Jinan, China) and the tissue microarrays (TMAs) from US Biomax Inc (GA801, Rockville, MD). In total, we collected the sections of 21 gallbladder ACs, 16 SCCs, 12 ASCs and 10 normal gallbladder tissues. Immunohistochemical staining was performed using a rabbit polyclonal anti-CD109 antibody (HPA009292; Sigma-Aldrich, St Louis, MO) with appropriate controls. The experiments were repeated to confirm reproducibility. After staining, the tissue sections and TMAs were photographed using an OLYMPUS FSX100 imaging system (Olympus Corporation, Tokyo, Japan). The data were analyzed by Pearson's chi-squared test using SPSS software (SPSS Inc, Chicago, IL).
As shown on Table 1 , CD109 staining was negative in all normal gallbladder tissues and AC tissues. CD109 positive cells were found in 86.7 % of SCCs and 91.7 % of ASCs. On the sections of SCCs and ASCs, CD109 staining is restricted in the membrane and cytosol of malignant squamous cells, which are stratified, disorganized and invaded into the submucosa layer ( Fig. 1, C,D) . For tumor grade, the percentage of CD109 positive cases are similar in well-(100 %) and moderately-(83.3 %) differentiated SCCs (p = 0.26). In addition, the level of CD109 expression showed no significant difference in well-and moderatelydifferentiated SCCs (percentage of expression: 24.85 ± 3.48 vs. 18.64 ± 4.62, p = 0.14;intensity of cytoplasmic staining: 0.36 ± 0.02 vs. 0.37 ± 0.04, p = 0.42). CD 109 is not expressed in other cell types, including column epithelial cells, fibroblast, endothelial cells, and smooth muscle cells in all the normal and tumor tissues (Fig. 1) .
SCCs and ASCs account for an estimated 1.4-10.6 % of all incidences of gallbladder carcinoma [8] . The clinicopathological features of SCC/ASCs and the differences from ACs, the major subtype of GBC, have rarely been described [9] . On regular examination, approximately 10-37 % of the GBCs cannot be identified with certainty [10] . SCCs of the gallbladder might have a poorer prognosis than ACs, and the accurate diagnosis is crucial to ensure the most effective treatment after surgery. To our knowledge, this is the first report that CD109 protein expression is specifically expressed in malignant squamous cells of gallbladder SCC and ASC tissues. Higher level expression of the CD109 gene and/or protein was also detected in SCCs of other organs [5] [6] [7] . Therefore, CD109 may be a potential marker for gallbladder SCCs and ASCs. In the skin, p63 has been used as a marker of SCC, but also labels basal cell carcinomas [11] . The p40 antibody recognizes the isoform of the p63 protein without the transactivation domain (the ΔNp63 isoforms) [12] . The p63 showed focal cytoplasmic staining in addition to nuclear staining, while exclusive nuclear staining is observed with p40 with no cytoplasmic reactivity in SCCs [13] . To date the antibodies of p63 and p40 have not been tested for gallbladder cancers. Unlike p63 or p40, CD109 expression is exclusively in the membrane and cytoplasma with no staining in nucleus of SCCs, thus representing a different type of pathology marker.
The molecular mechanisms underlying the genesis and progression and of GBCs are still unclear. The squamous cell component of the gallbladder was reported to have greater proliferation capacity than the glandular component [14, 15] . TGF-β signaling maintains epithelial homeostasis [16] , and defective TGF-β signaling causes hyperproliferation, reduced apoptosis and increased genomic instability in squamous cells [17] . Reduced expression of TGF-β signaling components is commonly observed in human SCCs [18] . CD109 is a coreceptor for TGF-β1 and increases the binding of TGF-β1 to its receptors [4] . CD109 associates with caveolin-1, a major component of the caveolae, and facilitates localization of the TGF-β receptors into the caveolar compartment where they degrade [19] . Thus, CD109 enhances TGF-β receptor endocytosis and negatively regulates TGF-β signaling. Elevated expression of CD109 in gallbladder squamous cells may inhibit TGF-β signaling and subsequently promote the development of SCC. Taken together, CD109 may involve in the pathogenesis of gallbladder SCCs and present as a novel target for therapeutic intervention.
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